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© A fault diagnosing apparatus includes a fault 
tree, a storage section, a read control section, a 
display section, an update section, and a 
calculation/update section. The fault tree is designed 
such that a plurality of choices are set with respect 
to one question associated with the cause of a fault 
of a fault diagnosis target, answers and choices 
branch off from each of the choices, and choices in 
the final step respective reach causes of the fault. 
The storage section stores the probabilities of states 
of the respective choices on the basis of the selec- 
tion result of each of the choices constituting the 
fault tree. The read control section reads out, in 
accordance with an input operation for selecting a 
choice, a question with respect to the selected 
choice, choices with respect thereto, and probabil- 
ities thereof. The display section displays the ques- 
tion, the choices, and the probabilities read out by 
the read control section. The update section updates 
the selected probability of the choice selected by 
the input operation. The calculation/update section 
calculates the probability of the state of the choice 
on the basis of the updated probability and updates 
the probability set before the calculation by using 
the calculation result. 
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FAULT DIAGNOSING APPARATUS 



Background of the Invention 



The present invention relates to a fault di- 
agnosing apparatus for detecting the cause of a 
fault when a control target in, e.g., a sequence 
control system failed. 

In a sequence control system, a control target, 
such as a plant, a processing apparatus, or an 
equipment systems, is properly operated by con- 
trolling a large number of sensors and actuators, 
e.g., limit switches and solenoid valves, at pre- 
determined timings based on a sequence program 
using a sequence controller in accordance with 
signals from various sensors arranged at the re- 
spective portions of the control target. In addition, 
such a system has a function of diagnosing a fault 
in a control target during an operation. When a fault 
is detected, the fault is displayed by means of a 
lamp, a message, or the like. 

In the conventional fault diagnosis, therefore, 
faults are very roughly diagnosed, and the number 
of items of faults which can be detected is very 
small. For example, in a press machine or the like, 
the number of items is about 10 to 250. 

In addition to fault diagnosis of a control target, 
fault diagnosis of the above-mentioned sequence 
controller itself, including a large number of con- 
tacts and actuators, various sensors, and the like, is 
performed. However, the display contents of ab- 
normal states are limited to only phenomena, and 
true causes thereof are not displayed at all. 

Furthermore, the sequence program includes a 
control program and a program for fault diagnosis. 
The two programs are alternately executed. There- 
fore, the total capacity of programs is increased to 
increase a programming load. This may also inter- 
fere with the execution of the control program, and 
pose other problems, e.g., that fault diagnosis can- 
not be performed at high speed. 

In the above-described fault diagnosis function, 
when a fault is detected, an operation of a control 
target is stopped as needed and only a message of 
an abnormal state is displayed. However, more 
detailed fault diagnosis, e.g., information of the 
cause of the fault or a repair method of the fault, 
cannot be presented to a user. 

For this reason, when a fault is detected and 
displayed, an operator in charge of maintenance 
checks a portion at which the fault has occurred, 
and also checks an operation manual. The operator 
then determines the cause of the fault or the repair 
method and performs a proper operation. 

For this purpose, therefore, the operator is re- 
quired to have experience and skill. In addition, it is 
generally difficult to properly read a large volume 



of an operation manual. For this reason, a fault 
repair may require a long period of time. 

Especially when a control target is a manufac- 
turing machine such as a press machine, MTTR 

s (mean time to repair = total time to repair 
faults/total number of faults to be repaired) is con- 
sidered as an important factor. That is, it is impor- 
tant to repair a fault within a short period of time. 
For this purpose, it is very important to detect the 

io cause of a fault within a short period of time. 



Summary of the Invention 



is The present invention has been made in con- 

sideration of the above situation, and has as its 
object to provide a fault diagnosing apparatus ca- 
pable of detecting the cause of a fault within a 
short period of time. 
20 In order to achieve the above object, according 

to the present invention, there is provided a fault 
diagnosing apparatus comprising a fault tree in 
which a plurality of choices are set with respect to 
one question associated with a cause of a fault of a 
25 fault diagnosis target, answers and choices branch 
off from each of the choices, and final choices 
reach causes of the fault, storage means for storing 
probabilities of states of the respective choices on 
the basis of a selection result of each of the 
30 choices constituting the fault tree, read control 
means for reading out, in accordance with an input 
operation for selecting a choice, a question with 
: respect to ..the selected choice, choices with re- 
spect thereto, and probabilities thereof, display 
35 means for displaying the question, the choices, and 
• the probabilities read out by the read control 
means, update means for updating the selected 
probability of the choice selected by the input 
operation, and calculation/update means for cal- 
40 culating a probability of a state of the choice on the 
basis of the updated probability and updating the 
probability set before the calculation by using the 
calculation result. 

Since a learning function acts in such a manner 
45 that if selection of an answer for each question in a 
fault tree is properly performed, and the correct 
cause of a fault is obtained, the probabilities that 
the states of the selected answers occur are in- 
creased, answers having higher probabilities are 
so displayed on upper positions in the next selection. 
Therefore, selection of answers is facilitated, and 
the time to reach the correct cause of a fault can 
be shortened. 
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Brief Description of the drawings 



Fig. 1 is a block diagram showing a sequence 
control system using a fault diagnosing appara- 
tus according to the present invention; 
Fig. 2 is a view showing an arrangement of data, 
such as a fault tree, stored in a memory of the 
apparatus in Fig; 1 ; 

Fig. 3 is a flow chart showing an operation of the 
apparatus in Fig, 1; 

Figs. 4, 5, and 6 are views each showing a 
display screen of a display section used by the 
apparatus in Fig. 1; and 

Fig. 7 is a flow chart showing diagnosis process- 
ing of the apparatus in Fig. 1 . 

Description of the Preferred Embodiments 

An embodiment of the present invention will be 
described below with reference to the accompany- 
ing drawings. 

Referring to Fig. 1, reference numeral 1 de- 
notes a sequence controller; 2, a large press ma- 
chine as a control target to be controlled by the 
sequence controller 1; 1a, a fault detecting section, 
of the sequence controller 1, for detecting an ab- 
normal state (fault) of the press machine 2; lb, a 
control section, of the sequence controller 1, for 
controlling an operation of the press machine 2 and 
roughly detecting a fault; 3, a fault diagnosis ap- 
paratus, constituted by a memory 3a, a CPU, and 
the like, for checking the cause of a fault on the 
basis of a fault detection signal from the sequence 
controller 1; 4, a display section, constituted by a 
CRT or the like and connected to the fault diagnos- 
ing apparatus 3, for displaying questions, answers, 
probabilities, and the like in accordance with the 
interaction between an operator and the apparatus 
3; and 5, a keyboard for inputting an answer se- 
lected by the operator with respect to the appara- 
tus 3. 

Fig. 2 shows various data including a fault tree 
and the like registered in the memory 3a. 

In this fault tree, a first question Qi is set in 
relation to one fault. Three answers, Ai, A2, and A3 
are prepared as choices with respect to the ques- 
tion Q1. Questions Q 2 , Q 3 , and CU are respectively 
set after the choices. These questions then branch 
out into choices. Final choices reach a cause 1, a 
cause 2, cause 3,.... The memory 3a serves to 
store data representing the probabilities (%) that 
the states of the answers Ai, A2, and A3 as the 
choices constituting the fault tree occur, and data 
representing the probabilities that the respective 
answers are used (selected) in the past. 

An operation will be described below with ref- 
erence to a flow chart in Fig. 3. 

When a fault occurs in the press machine 2, 



the operator operates the keyboard 5 ink step ST1 
to select an abnormal state monitor function of the 
fault diagnosing apparatus. With this operation, a 
schematic representation of the press machine 2 

5 shown in Fig. 4 is displayed on the display section 
4. In this case, the display section 4 displays that 
an abnormal state has occurred in a hydraulic 
system. When the keyboard 5 is operated again in 
step ST2, an alarm point table shown in Fig. 5 is 

70 displayed. When a specific point is designated 
from this table in step ST3, the flow advances to 
step ST4 to perform diagnosis processing in which 
selection of questions and answers is performed in 
an interactive mode in accordance with the above- 

15 mentioned fault tree. With this operation, a diagno- 
sis result, i.e., the cause of the fault can be de- 
tected in step ST5. 

Fig. 7 is a flow chart showing the diagnosis 
processing in step ST4 in more detail. 

20 Referring to Fig. 7, it is determined in step 

ST41 whether diagnosis processing is performed 
with respect to a specific alarm point. If the key- 
board 5 is operated to perform this processing, the 
display section 4 displays the first question Qi - 

25 (shown in Fig. 2) with respect to the designated 
point and the probabilities (frequencies) that the 
states of the answers (choices) A1, A2, and A3 for 
the question Qi occur. These probabilities can be 
arbitrarily set and changed and can be displayed in 

30 an arbitrary order instead of displaying them in the 
order of decreasing values as in Fig. 6. 

if the operator selects the answer. A1 in step 
ST43, stack processing is performed in step ST44 
to store the selected question Qi and answer Ai. 

35 Thereafter, it is checked in step ST45 whether the 
answer At is a final answer. If NO in step ST45, the 
flow returns to step ST42 to display the next ques- 
tion Q2 and its answers and waits for selection of 
an answer in step ST43. This processing is re- 

40 peated until the flow reaches to a final answer, and 
the selected questions and answers are stored. 

The above-described operation is repeated in 
accordance with the fault tree until a final answer is 
obtained. If an answer for a question is erroneously 

45 selected, the flow can return to the step for the 
previous question. 

If a final answer, i.e., the cause of the fault, is 
selected and displayed, a learning key is displayed 
on the display section 4 as one of function keys in 

50 step ST46. If this learning key is depressed once in 
step ST47, the counts of all the selected answers 
are updated in the memory 3a in step ST49 
through step ST48. Note that if the learning key is 
consecutively depressed twice, the flow advances 

55 to step ST51 to perform error processing. Subse- 
quently, in step ST50, the probabilities of the asso- 
ciated answers are calculated by using the counts 
updated in step ST49, and the memory 3a is 
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updated on the basis of the calculation result. 1 

As has been described above, according to the 
present invention, selection of questions and an- 
swers is performed in an interactive mode by using 
a fault tree. The probabilities that the states of the 
respective answers occur are calculated on the 
basis of the selected answers, and the calculation 
result is displayed. With this arrangement, a learn- 
ing function is added to the fault diagnosis function. 
That is, the accuracy of probabilities respectively 
displayed with respect to a plurality of answers for 
one question is increased every time diagnosis is 
performed to facilitate selection by an operator. 
Therefore, the cause of a fault can be detected 
within a short period of time, and the above-men- 
tioned MTTR can be increased. 



Claims 

1. A fault diagnosing apparatus comprising: 

- a fault tree means (3) in which a plurality of 
choices are set with respect to one question asso- 
ciated with a cause of a fault of a fault diagnosis 
target, answers and choices branch off from each 
of the choices, and final choices reach causes of 
the fault; 

- storage means (3a) for storing probabilities of 
states of the respective choices on the basis of a 
selection result of each of the choices constituting 
said fault tree; 

- read control means (1b) for reading out, in accor- 
dance with an input operation for selecting a 
choice, a question with respect to the selected 
choice, choices with respect thereto, and probabil- 
ities thereof; 

- display means-(4) for displaying the question, the 
choices, and the probabilities read out by said read 
control means; 

- update means (3) for updating the selected prob- 
ability of the choice selected by the input opera- 
tion; and 

- calculation/update means (3) for calculating a 
probability of a state of the choice on the basis of 
the updated probability and updating the probabil- 
ity set before the calculation by using the calcula- 
tion result 

2. An apparatus to claim 1 , further comprising error 
processing means for disabling said update means 
in response to an input operation and performing 
error processing. 

3. An apparatus according to claim 1 or 2, further 
comprising means for canceling the selection of 
the choices until the final choices reach the causes 
of the fault. 

4. An apparatus according to any of claims 1 to 3, 
wherein the probabilities read out from said read 
control means are arbitrarily set and updated and 



are displayed in an arbitrary order. 

5. A fault diagnosing method comprising the steps: 

- forming a fault tree in which a plurality of choices 
are set with respect to one question associated 

5 with a cause of a fault of a fault diagnosis target, 
answers and choices branch off from each of the 
choices, and final choices reach causes of the fault; 

- storing probabilities of states of the respective 
choices on the basis of a selection result of each of 

w the choices constituting said fault tree; 

- reading out, in accordance with an input operation 
for selecting a choice, a question with respect to 
the selected choice, choices with respect thereto, 
and probabilities thereof; 

15 - displaying the question, the choices, and the 
probabilities read out by said read control means; 

- updating the selected probability of the choice 
selected by the input operation; and 

- calculating a probability of a state of the choice 
20 on the basis of the updated probability and updat- 
ing the probability set before the calculation by 
using the calculation result 

6. A method according to claim 5, further compris- 
ing the steps of error processing including dis- 
ss abling said update means in response to an input 

operation. 

7. A method according to claim 5 or 6, further 
comprising the step of canceling the selection of 
the choices until the final choices reach the causes 

30 of the fault. 

8. A method according to any of claims 5 to 7, 
wherein the probabilities read out are arbitrarily det 
and updated and are displayed in an arbitrary 
order. 

35 



40 



45 



50 



55 



4 



EP 0 424 869 A1 



DISPLAY 
SECTION 



FAULT DIAGNOSIS 
APPARATUS 




MEMORY 








^-3a 





5 



KEYBOARD 



1a ,1b 



FAULT DETECTING 
SECTION 




CONTROL SECTION 







CONTROL TARGET 
(PRESS MACHINE) 



FIG.l 



5- 



EP 0 424 869 A1 




( START ) 

SELECT FUNCTION 



ST1 

V 



ST2 



DISPLAY ALARM POINT TABLE 



J 



ST3 



SELECT SPECIFIC POINT 



J 



ST4 



PERFORM DIAGNOSIS PROCESSING 



J 



ST5 



OBTAIN DIAGNOSIS RESULT 



J 



FI G.3 

6 



1 




7 



EP 0 424 869 A1 



CO 
CM 



CO 



CO 
CO 

UJ CO LL- 
QCOO\ 



QCQ.QCD 



o o 



a. 



CLO JOJ 



CD O 
O O QC 

a. o z oe _ 

LU O I — UJ OClLOULO 

OQC QCOO QO O 

< O Q- CJ O >- O- U— UL. 

HQCO QCO JOUJKOI-O 
sfQCOCUJUJ JCQCOCZ Z 
OUJQflCKOCLQDZJI-^h- 

> ZD -J 3 COCDZOZ 

3ELLJC/3 — QCOOLUCOaEZDaEZD 

UJ (OQCO-I — WQ--J<-J< 

h>-WQ-Z — oco — — a 

1^: ?S tti — ty jo joj< 

•■c^ceaei— i — ar — — — o 

o <ozuj — — 5c 

uj — pe S£ »— z o uj_ uj 

SI— LUZ-J — S — UJ UJ — LU — UJ 
_sg3u.||||g5§se 



^^jco^ir>gf^qoo?o^— csico^* 



o 
ce 



CO 

to 



8; 



2 

3 



csico^rLoaar— cococd^-cnjco^tlo 



8 



EP 0 424 869 A1 




9 



EP 0 424 869 A1 




DISPLAY DESIGNATED Q & A 




PERFORM STACK PROCESSING 




10 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 90 12 0283 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (int. CI.5) 



US-A-4 851 985 (DAVID N. BURROR ET AL.) 
* the whole document * 



EP-A-0 292 914 
* page 6, line 13 



(OMRON TATEISI ELECTRONICS CO.; 
■ page 10, line 26 * * figures 1-8 * 



1-8 



1-8 



Q 05 
B 19/04 



TECHNICAL FIELDS 
SEARCHED (Int. CI.S) 



G 05 B 



The present search report has been drawn up for all claims 



Place of search 



The Hague 



Date of completion of search 

08 February 91 



NETTESHEIM J.F. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A : technological background 
O: non-written disclosure 
P : intermediate document 
T : theory or principle underlying the invention 



E : earlier patent document, but published on, or after 

the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



^4% 



